Background: The metabolic syndrome (MS) represents a cluster of cardiovascular risk factors that act synergistically.
Introduction
The myocardial performance index (the Tei index) reflects systolic and diastolic function of the left and right ventricles 1 . It could be impaired in patients with various risk factors such as hypertension 2 , diabetes 3 , and obesity 4 . The influence of the metabolic syndrome (MS) on global left ventricular function has not been completely determined. There are different opinions on this problem; on the one hand, there are authors who believe that MS is the cluster of risk factors and therefore the alteration of global left ventricular function is an expected and logical sequence 5, 6 . On the other hand, some investigators have shown that the Tei index is not significantly altered in patients with a high prevalence of obesity, hypertension and diabetes, which are the important risk factors of metabolic syndrome 7 . A few studies have assessed the impact of individual MS risk factors on global left ventricular function.
The aim of our study was to determine which clinical and echocardiographic parameters correlate with global left ventricle (LV) function in patients with MS, and also to identify which parameters were independently associated with the Tei index.
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sitting position with a five-minute interval in the morning hours, using a conventional sphygmomanometer.
The diagnosis of diabetes was based on the criteria of the World Health Organization published in 2006 9 and arterial hypertension according to the recommendations of the European Association for Hypertension in 2007 10 . The protocol was approved by the Research Ethics Committee of the Faculty of Medicine, University of Belgrade. Informed consent was obtained from all participants.
Echocardiography
Echocardiographic examination was performed on an Acuson Sequoia 256 ultrasound system by using a 2-to-4 MHz transducer. The values of all echocardiographic parameters were obtained as the average value of five consecutive cardiac cycles. The left ventricular end-systolic (LVESD) and end-diastolic diameters (LVEDD), the left ventricular posterior wall (PWT) and interventricular septum thickness (IVS) were determined according to the recommendations of the American Society of Echocardiography 11 . End-systolic and enddiastolic volumes and parameters of systolic function (ejection fraction -EF and fractional shortening -FS) were estimated by using the Teicholz formula. Relative wall thickness (RWT) was calculated as (2xPWT)/LVEDD. ) was calculated as the ratio of the left ventricular mass and height 2, 7 . The left ventricular hypertrophy was defined as LVmass/ Ht 2,7 ≥ 51 g/m 2,7 for men and ≥ 49.5 g/m 2,7 for women 13 .
The analysis of transmitral inflow velocities was obtained by pulsed-wave Doppler in the apical four-chamber view with the sample volume placed at the mitral valve leaflet tips 14 . Measurements included the transmitral early diastolic (E-wave) and atrial (A-wave) velocities to calculate E/A ratio and E-wave deceleration time (DT) 13 .
Tissue Doppler imaging was used to obtain LV myocardial velocities in the apical four-chamber view with a 2-mm sample volume placed at the septal segment of the mitral annulus during early diastole (e´s eptal ) and systole (s septal ) 14 . The E/e´s eptal ratio was determined using previously estimated values of E and e´s eptal flow velocities during early diastole obtained by pulsed and tissue Doppler.
The parameters necessary for the calculation of the Tei index were obtained by tissue Doppler in the apical four-chamber view 15 . A 2-mm sample volume was placed at the lateral corner of the mitral annulus. The isovolumetric contraction time (IVCT) and isovolumetric relaxation time (IVRT) were measured from the end of the mitral annular velocity pattern to the onset of the S-wave and from the end of the S-wave to the onset of the mitral annular velocity pattern, respectively. The ejection time (ET) was defined as the duration of the LV outflow Doppler velocity profile. The Tei index was calculated according to the formula: Tei index = (IVCT + IVRT)/ET 1 .
Statistical analyses
Continuous variables were presented as mean ± standard deviation (SD) and were compared by t-test for two independent samples, as they showed a normal distribution. Differences in proportions were compared by using χ² test. Pearson´s correlation coefficient was used for determination of correlation between the Tei index and different clinical and echocardiographic parameters. The same test was used for correlation determination between these parameters and tissue Doppler intervals, which were required for the calculation of the Tei index (IVRT, IVCT and ET). Stepwise multiple variable regression analysis determined which parameters, clinical and echocardiographic, were independently associated with the Tei index or its components (IVRT, IVCT and ET). Heart rate and the variable which had p < 0.10 in correlation analyses entered in the stepwise multiple regression analysis. We also determined which MS components correlated with and which components were independently associated with the Tei index. A p-value < 0.05 was considered statistically significant.
Results
There was no statistically important difference in mean age between the subjects with MS and controls (52 ± 9 vs 54 ± 9 years, p > 0.05). All clinical parameters of the study group are shown in Table 1 . Values of all the parameters of MS were significantly higher in patients with MS compared to controls (Table 1 ). We also found that the levels of hemoglobin A1c, uric acid, serum creatine, LDL cholesterol and total cholesterol were significantly higher in the population of patients with MS (Table 1 ).
There were no statistically important differences between the observed groups regarding LV diameters, ejection fraction and fractional shortening ( Table 2 ). Relative wall thickness and LV mass index were significantly increased in the MS group (Table 2 ). Compared to the control group, MS subjects had significantly higher percentage of LV hypertrophy ( Table 2 ).
The systolic function parameter obtained by tissue Doppler (s septal ) demonstrated normal LV systolic function in subjects with MS. However, the LV diastolic function parameters such as E/A, DT, e' septal and E/e' septal were significantly deteriorated in the group with MS ( Table 2 ).
The parameters required for calculation of the Tei index were also altered in subjects with MS. IVRT and IVCT were significantly prolonged, while the ET was shortened in the MS group, which determined the increased value of the Tei index (Table 2) .
Univariate correlation analyses showed that heart rate, systolic and diastolic blood pressure, levels of glucose, triglycerides, total cholesterol and serum creatinine, and waist circumference were associated with LV global function estimated by the Tei index (Table 3) . Among the echocardiographic parameters, univariate correlation analyses found that relative wall thickness, the left atrial diameter, the left ventricular mass index, E/A ratio, s septal , e' septal and E/e' septal ratio correlated with the myocardial performance index of the left ventricle (Table 3) . Multiple regression analysis of clinical and echocardiographic parameters demonstrated that systolic blood pressure, glucose level, left ventricular mass index and e' septal and E/e' septal ratio were independently associated with the global LV function estimated by the Tei index (Table 4) . Additionally, we determined which parameters were associated with all time intervals used in the Tei index equation (IVRT, IVCT and ET).
The univariate analysis of clinical and echocardiographic parameters in the MS group showed that systolic blood pressure, fasting glucose level, waist circumference, relative wall thickness, left atrial diameter, left ventricular mass index, E/A ratio, deceleration time, e' septal and E/e' septal ratio were associated with IVRT (Table 5) . Moreover, all these parameters except the left atrial diameter, E/A ratio and deceleration time were independently associated with IVRT ( Table 6 ).
The correlation analysis revealed that systolic and diastolic blood pressure, fasting glucose level, waist circumference, relative wall thickness, left atrial diameter, left ventricular mass index, E/A ratio, deceleration time, e' septal and E/e' septal ratio were associated with IVCT (Table 5 ). All mentioned parameters, except diastolic blood pressure, were independently associated with IVCT (Table 6) .
The univariate analysis also demonstrated that systolic blood pressure, left atrial diameter, left ventricular mass index, ejection fraction, s septal , deceleration time, e' septal and E/e' septal ratio were associated with ET (Table 5 ). However, only systolic blood pressure, left ventricular mass index, ejection fraction, and s septal were independently associated with ET (Table 6 ).
Correlation analysis showed that all components of MS except HDL were associated with the Tei index, but only systolic blood pressure, fasting glucose and levels of triglycerides were independently associated with this global LV function parameter (Table 7) .
Discussion
The Tei index is a unique echocardiographic parameter that simultaneously shows the systolic and diastolic function of a ventricle.
There is no absolute agreement about the impact of age and heart rate on the Tei index 2, 3, 5, 7, 16 . Our research showed that the index of global LV function was independent from age, which is very important for the assessment of LV global function in patients of different ages. On the other hand, this study revealed that heart rate correlated with the Tei index, although not independently. Similar results were obtained in other studies 2, 17 . Arterial hypertension changes the myocardial structure, primarily due to abnormal accumulation of collagen in the extracellular space, resulting in a decrease of compliance and occurrence of LV diastolic dysfunction 18 .
There is no universal opinion about the influence of systolic and diastolic arterial blood pressure on the global LV function and the Tei index. Some authors showed that the Tei index correlated with the arterial blood pressure 5, 15, 19 , while others have disagreed 2, 17 . Our investigation revealed that the systolic and diastolic blood pressure correlated with the myocardial performance index, but only systolic blood pressure was independently associated with the Tei index. The same result was obtained when we considered only MS criteria. Moreover, systolic blood pressure was shown to be the strongest independent predictor of the Tei index among MS criteria with the highest statistical significance (p < 0.001).
Insulin resistance underlying type 2 diabetes mellitus and MS leads to significant changes in the structure and function of the left ventricle. Basically, it leads to the activation of the sympathetic nervous system and RAAS, causing reduction in the number of mitochondria, contractile elements, capillary network density and induces extracellular fibrosis and apoptosis 20 . All these changes result in the onset of LV There is a dilemma as to whether the levels of glucose and glycated hemoglobin affect the global LV function. Studies have confirmed that this correlation exists 3, 5, 19 , which was also the result of our study. The separate analysis of the influence MS components in our study also showed that fasting glucose levels, in addition to systolic blood pressure and triglycerides levels, were independently associated with the Tei index.
The investigations that assessed individual and simultaneous effects of hypertension and diabetes on global LV function did not agree as to whether these factors synergistically lead to greater LV damage. Cho et al 21 showed that the concurrent effects of these factors changed global LV function more than individual factors separately. Other authors disagree and believe that differences between the individual and the simultaneous effects of these two factors do not exist 3, 17 .
There is no absolute agreement on the impact of obesity on the Tei index. Levent et al 4 studied the effect of hypertension and obesity in children and revealed that obese, but normotensive children had a significantly higher Tei index compared to the control group, which confirmed impaired global LV function, whereas children with both risk factors had even greater levels of dysfunction, which indicated a possible synergistic effect of these factors. The study in an adult population confirmed that obesity impaired global myocardial function by decreasing the Tei index, i.e., improving myocardial function through weight reduction 22 . There is a controversial study that showed that obesity did not worsen, but improved global LV function 23 . However, the authors did not suggest possible mechanisms for this "protective" effect of increased body weight. Our research showed that BMI did not correlate with the Tei index, in contrast with waist circumference, which was an independent predictor of global LV function. These findings were expected, as there was no significant difference in BMI between the MS and control group, while waist circumference was significantly higher in MS subjects. Voulgari et al 19 obtained similar results.
In this study, we showed that the levels of LDL and HDL cholesterol were not correlated with the Tei index, while the levels of total cholesterol and triglycerides correlated with this parameter. Triglycerides levels were not independently associated with the Tei index when all clinical and echocardiographic parameters were considered. However, when only MS criteria were considered, triglycerides were independently associated with this index, which is consistent with the findings of other authors 5, 19 . Fuentes et al 24 were the first to show that subjects with increased levels of triglycerides had significantly impaired LV diastolic function and increased LV mass, when compared to the control group. This is explained by the fact that the triglycerides accumulated in extracellular space reduce LV compliance, hence their lipotoxic effects on cardiomyocytes and high energy consumption, which is necessary for their metabolism.
Our investigation also showed that renal function estimated by serum creatinine was elevated in MS subjects and correlated with the Tei index which is in agreement with some authors 25 , but is contradictory to others 26 . However, serum creatinine was not independently associated with Tei index.
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The relationship between various echocardiographic parameters and the Tei index was evaluated in patients with hypertension, diabetes or those who had both risk factors 2, 3, 17 , but this assessment had not been previously carried out in subjects with metabolic syndrome. Most authors believe that impaired global LV function in metabolic syndrome is actually a consequence of damaged diastolic function 5, 6, 19 , which is mostly the result of the LV systolic function identification only by the systolic ejection fraction and/or the left ventricular fractional shortening. However, there have been studies that showed that these parameters could also be altered in subjects with MS 26 . The tissue Doppler imaging introduced new LV systolic function parameters, which showed its impairment in the MS group 27 . Our investigation showed that the LV systolic function estimated by the ejection fraction and s septal was preserved in the MS group, although with borderline statistical significance.
All the LV diastolic function parameters (E/A, DT, e' septal and E/e' septal ) assessed in our study confirmed the existence of diastolic dysfunction. Relative wall thickness and LV mass index, left atrial diameter, E/A ratio, s septal , e' septal and E/e' septal were correlated with global LV function estimated by the Tei index; however the LV mass index, e' septal and E/e' septal were independently associated with the Tei index. Additionally, we studied the impact of different clinical and echocardiographic parameters in the MS group on tissue Doppler intervals needed for the calculation of the Tei index (IVRT, IVCT and ET). Systolic blood pressure, fasting glucose level, waist circumference, relative wall thickness, LV mass index, e' septal and E/e' septal were independently associated with IVRT. The multivariate analysis showed that systolic and diastolic blood pressure, fasting glucose level, LV mass index, e' septal and E/e' septal were independently associated with IVCT. These parameters simultaneously represent LV systolic and diastolic function in the Tei index equation. On the other hand ET, a parameter of systolic function in this equation, was independently associated with systolic blood pressure, LV mass index, ejection fraction, and s septal . Apparently, almost the same factors that are associated with IVRT, IVCT and ET in MS correlated with the Tei index as a parameter of global LV function. These findings are important, as we have shown that it is not necessary to determine risk factors for individual components of the Tei index.
As the LV systolic function was preserved in subjects with metabolic syndrome in our research, whereas LV diastolic function was damaged, the logical conclusion is that the impairment of global LV function is actually the result of altered diastolic function. However, a larger study group would possibly have shown that systolic LV function is also altered in MS subjects, as the statistical value in our research was borderline (p = 0.075).
The limitation of this study was a large number of MS subjects with arterial hypertension, which was controlled by different medications that could also affect the Tei index and result interpretation.. Another limitation is the fact that a few clinical trials used tissue Doppler imaging to obtain parameters of LV systolic, diastolic and global function; therefore, we could not carry out a full comparison of these parameters. Diagnostic studies demonstrated that the Tei index obtained from the pulsed and the tissue Doppler has very similar values and although it has been proven that the values estimated by the tissue Doppler are more precise and more correlated with invasive measurements obtained during cardiac catheterization, the comparison is quite reasonable 28 . The third limitation concerned the preload dependence of the Tei index 29 .
Conclusion
Metabolic syndrome leads to subclinical cardiac damage, reducing the global LV function. The Tei index is a relatively simple way to estimate global LV function and therefore, a valuable parameter in everyday clinical practice. Multiple regression analysis of clinical parameters showed that systolic blood pressure, fasting glucose, LV mass index, E/e' septal , and e' septal were independently associated with LV global function estimated by the Tei index. We have also shown that almost the same factors which are associated with IVRT, IVCT and ET in MS group are also associated with the Tei index. The impaired LV diastolic function is the main reason for deterioration of the global LV function in MS, according to our research. Additionally we showed that, among the components of MS, only systolic blood pressure, fasting glucose and triglycerides levels were independently associated with LV global function.
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